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Description 

Technical Held 

5 [0001 ] This invention relates to a composition and method for moisturizing of epithelial cells, and particularly a method 
and composition for moisturizing that includes water, a particular bioadhesive and. preferably, a consistency-enhancing 
agent. This invention also relates to a method of preparing the moisturizing conposition. 

Background Art 

10 

[0002] Several environmental and pathologic conditions produce drying or desiccation of membrarK)us tbsue of the 
mammalian body. These conditions produce dry mouth (xerostomia), dry eye (sicca corxiitions) and dry vaginal, dry 
nasal or dry rectal mucosa, and/or dry skin that are aesthetically unpleasing and/or irritating to the individuals having 
such ccrrditions. 

1$ [0003] One method for moisturization of dry tissue uses an dly substance as the principal ingredient in the form of 
creams, lotions, gel or salves that are applied to the affected tissue in an attempt to prevent further dehydration of the 
tissue. They act by placing a water-inrpermeable hydrophobic barrier over the treated tissue. Petrolatum, mineral oil, 
lanolin and isopropyl myristate are examples of hydrophobic materials so used. These preparations are of limited use- 
fulness over a prolonged period of time. In addition, they inrpart a greasy, sticky feel to the skin and stain clothing. 

20 [0004] Another method for moisturization uses hydrophilic molecules which can attract water. Hydrophilic small mol- 
ecules such as glycerin and glycerin/water mixtures, urea, and propylene glycol are known humectants said to be use- 
ful in moisturizing skin. 

[0005] Several synthetic hydrophilic materials, which in the presence of water adhere to the skin andJor mucous mem- 
branes, have been used by themselves or in conjunction with one or more active or treating agents in various pathotog- 
25 ical conditions, but they have not been used as moisturizers, for dryness of epithelial cells such as those of the skin or 
mucosa. These hydrophilic materials are often referred to in the art as hydrogels. 

[0006] Certain hydrophilic, carboxy-functional polymers, namely those corrtaining cartxDxylic add groupings, are 
known for use as can'iers for treating agents. U.S. 4,615.697 discloses the preferred polymer polycartx>phil used in this 
invention used with a treating agent. The hydrogel polymer carrier of U.S. Patent No. 3,074.852, is said to be a polymer 
30 of U.S. Patent ISto. 2.798.053/ The exemplary cross-linked polymer is said to be CARBOPOL® 934. The polymer of par- 
ticular interest in U.S. Patent 3.074.852 is said to be in acid form, and is more particulariy described in U.S. Patent No. 
2,909.462. That particularly described polymer is again reported to be the material sold as CARBOPOL® 934 by B.R 
Goodrich Chemical Company 

[0007] U.S. Patent No. 4.226,848 discloses a composition for adhering a pharmaceutical preparation to the mucosa 
35 of the oral or nasal cavities. An exemplary acrylic acid F>olymer disclosed therein is the lightly cross-linked acrylic add- 
allyl sucrose copolymer available under the trademark CARBOPOL® 934 from B.F. Goodrich Chemical Co., which is 
said to form a high viscosity gel-like dispersion in water. 

[0008] U.S. Patent No 4.548,990 discloses a controlled-release drug delivery composition whose cross-linked poly- 
meric portion is prepared from nrK)nomers that indude 50 to 99 percent of a water-insoluble monoolef inic morK>mer or 

40 mixture. The polymer is said to swell in ethanol and in water with a swelling ratio of 2:1 to 22:1 . 

[0009] A particularly useful polycariDOxylic add copolymer for therapeutic or cosmetic use is described in B.R 
Goodrich Company European Patent Application No. 881 12198.2. Publication No. 0 301532. the preferred polymer of 
U.S. 4.61 5,697 and possibly covering Carbopol 976. The fluffy, powdery acrylic add polymer is prepared in a non-aque- 
ous, non-organic solvent polymerization medium such as carbon dioxide. The polymer has about 0.1 to about 6 percent 

45 by weight cross-linking. The copolymer is substantially water-insoluble but water-swellatDle. A 0.2 weight percent disper- 
sion in distilled water is said to have a mucilage viscosity of at least 1000 cycles per second ("cps"). 
[001 0] Hydrophilic, cart)Oxy-functional. water-soluble polymers have been used in cosmetic formulations. U.S. Patent 
No. 4.863,725 discloses a water-soluble copolymer of glycerol and methacrylic and, namely polyglycerol methacrylate. 
German Offenlegungsschrift 24 19 046 describes linear and cross-linked polymers containing carix>xyl and aldehyde 

so groups as cosmetic compositions. Japanese Patent Publication 61 -72706 refers to a cross-linked polyacrylic acid 
mono- or di-hydroxypropyl acrylate polymer. PCT Application No. PCT/US89/00451 . International Publication No. WO 
89/06964 published August 10. 1989. refers to a polycarfooxylic acid opthalmic preparation of specified pH, viscosity 
and osmolality for use in an opthalmic composition. 

[001 1 ] None of the disclosures of the art discussed before teaches or suggests that a water-swellatDle but water-insol- 
55 ubie cross-linked tHoadhesive polycarboxylic acid polymer such as polycartx^phil or a similar polymer can be used 
espedally at an addic pH as a moisturizing agent in a composition for dry epithelial cells, such as those of the skin and 
mucosa as is disdosed hereinafter. However PCT/US 89A)0451 does refer to a dry eye/tear substitute fonmulation com- 
prising CartX)pd 976 in water. 
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gMmm^ry pf the Invention 

[0012] The present inverition includes a conrtposition and non-therapeutic nrrethod for nx>isturizing epthelial cdls. In 
accordance with this method, which is defined in claim 1 , the epithelial cells are corUacted with an effective moisturizing 
5 anrK>unt of an aqueous moisturizing composition that contains water, a moisturizing amount of a water-swellable but 
water-insoluble cross-linked bioadhesive polycartx}xylic acid polymer which has an adhesive force of at least 380 dynes 
per square centimeter, and preferably, a thickening smoothing amount of a consistency-enhancing agent. The bioadhe- 
sive polymer is particulate or fibrous, and the composition is used to contact the epitiielial cells of a mammal such as a 
human. 

10 [0013] The bioadhesive polymer preferably contairrs (a) a plurality of repeating units of which at least atx)ut 80 per- 
cent, and preferably at least about 90 percent, contain at least one cartxsxyl functionality, and (b) atx)ut 0.01 to about 6 
percent, preferably about 0.01 to about 2 percent, more preferably about 0.05 to about 1 .5 percent, and most preferably 
about 0.05 to about 1 .0 percent, cross-linking agent that is substantially free from polyalkenyl pdyettier. based upon the 
weights of unpolymerized starting materials: i. e.. repeating units and cross-linking agent. The consistency-enhancing 

15 agent is a water-dispersible and preferably a water-soluble, non-ionic or anionic polymer. 

[0014] The bioadhesive polymer is water-insoluble, txit water-swellable. A polymer that is both water-insoluble Qbss 
than 1 percent dissolves in water), generally can absorb about 40 to about 1 00 percent its weight in water, as contrasted 
with the water-soluble polymers which can absorb considerably in excess of 100 times their weight in water. 
[0015] In preferred practice, the dry bioadhesive polymer is sized to pass through a 400 mesh sieve screen. U.S. 

20 Standard Sieve Series. It is also preferred that the bioadhesive particle be dispersed in a physiologically tolerat)le dilu- 
ent, and particularly a liquid that includes water. The solution can also include otiier ingredients known for use in the 
liquids for application to the epithelium. 

[001 6] The present invention provides several advantages arKl benefits. 

[001 7] One advantage of the present invention is that its compositions are not noticeably Irritating to the mucosa witii 
25 which they are contacted. 

[0018] Another advantage of the present invention is that the bioadhesive moisturizing polymer has an apparent 

acidic pH value and a relatively high buffering capacity that helps to maintain the acidic pH value of surface tissues. 

[0019] The moisturizing effects of the present compositions can be relatively long lasting, for exannple 2-3 days. 

t)ecause of insolubility of the bioadhesive polymer. 
30 [0020] Yet another benefit of the present invention is that its compositions can be fabricated with relative ease. 

[0021] Still further benefits and advantages of the present invention will be apparent to those skilled in the art from 

the Detailed Description. Examples and claims that follow. 

Brief Description of the Drawinos 

35 . 

[0022] In tiie figures forming a part of this disclosure. 

Figure 1 illustrates a diagrammatic side view of a modified, commercially availat^le surface tensiometer utilized to 
measure adhesive strength of bioadhesives; 
40 Figure 2 is a graph illustrating tiie force (dynes x lO'^/cm^) for detaching a bioadhesive polymer reaction product of 
acrylic acid copotymerized with 0.3 weight percent 3.4 -dihydroxy-1. 5-hexadiene having a density of 1.56 
grams/cubic centimeter (g/cc) versus pH value; and 

Figure 3 is a graph of viscosity, n. in cps from 10.000-100,000, shown for convenience as 1-10 XI 0^, versus shear 
rate, n. in rpm for two separately made moisturizing conripositions prepared as described in Example 4. The results 
45 were obtained using a Haake BOTOVISCO Model RV-12 viscometer as discussed in Example 6. and data for one 
composition are shown in closed circles, whereas data for the other are shown in open circles. 

Detailed Description of the Invention 

50 [0023] The present invention relates to a non-therapeutic method of moisturizing epitiielial cells selected from skin, 
vaginal mucosa, buccal mucosa, nasal mucosa and anal mucosa by administering a moisturizing composition to a host 
mammal. The invention also relates to thixotropic moisturizing and treatment compositions as defined in claims 20 and 
50, as well as to the use of bioadhesive polymers in the manufacture of tNxotropic compositions as defined in claim 41 . 
The composKions themselves are aqueous compositions that comprise a nrK>isturizing effective amourrt of a bioadh - 

55 sive and preferably, a water-soluble or water-dispersible, polymeric consistency-enhancing agent. 

[0024] The bioadhesive of this invention is water-insoluble but water-swelling. The term water-insoluk>le used here 
means that the t^ioadhesive (lacking water-soluble impurities) shows no appredable viscosity In its acid form at at>out 
pH3 to 5 in a concentration no greater than about 2 to aiDout 3% by weight. The term water-swellatste means that the 
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preparation, although not water-soluble, absorbs an appreciable amount of water, typically about 60 to about 100 times 
its weight 

[0025] The moisturizing composition is designed for use on the epithelial cells, namely skin and mucous men^ranes 
(mucosa), of a nnammal. such as that of a horse or a human, to which the composition adheres in the presence of a 

5 sufficient amount of water to swell the bioadhesive. The composition so adhered to epithelia moisturizes the contacted 
body area for relatively long periods of time. Such time periods are longer than the time of moisturization for a similar 
conposition that does not include a bioadhesive as disclosed herein. Indeed, for moisturization of epithelia, the bioad- 
hesive moisturizer can remain in place and active for a time period of 10 to atxxjt 20 hours; I.e.. the turn-over time for 
mucin or tissue, to about two to three days. 

10 [0026] A composition useful in this invention is substantially non-toxic to the animals in which or on which it is placed. 
[0027] The method of the present inv^ion utilizes a hydrogel composition that holds substantial quantities of water 
in contact with tiie epithelial area of a host mammal for extended periods of time. This composition functions additionally 
as a F>olyelectrolyte and restricts ion efflux from tiie contacted mucous membrane. Such ion efflux with the associated 
water can cause water to move out of tissues. Further, tiie moisturizing bioadhesive when iswollen by an aqueous 

IS medium is itself a polyelectrolyte. and produces a Donnan equilibrium effect, resulting in the facilitation of ion influx into 
the contacted tissue. This conposition is retained in contact with the epithelial tissue for extended periods of time as a 
result of the substantial bioadhesive. and mucoadhesive. properties of the cross-linked polymer. 
[0028] The method of moisturizing of the present invention is effective for moisturizing several "dry" tissues, namely 
dry skin, dry vagina, dry nasal passages, dry rectal passage and dry mouth. 

20 [0029] In accordance with this method of moisturizing, a composition containing water, a nx)isturizing effective 
amount of a moisturizing agent and preferably, a thickening-smoothing amount of a water-dispersible polymeric consist- 
ency-enhancing agent is provided, as described before. 

[0030] The contact is carried out in the presence of suffident water to swell the bioadhesive and cause the bioadhe- 
sive-containing composition to adhere to the area contacted. That contact is nr^intained for a period of time sufficient 

25 to moisturize the contacted epithelial cells, arid adjoining tissues if desired. 

[0031 ] The metiiod of tiiis invention lowers the local pH value. For example, over a five-day treatment period in which 
subjects received daily treatments of a composition of this invention, or another, commercial vaginal moisturizer free of 
a bioadhesive, a difference in vaginal pH value was noted of about 0.5 pH units or more between women receiving the 
two products. The vaginal pH value observed for women using a product of this invention was about 4.8, with a lowered 

30 pH value from the untreated value of about 5.6, being maintained for about 48 hours after treatment ended. 

[0032] Common yeasts, fungi and otiier microbes that cause vaginal infections do not grow well at a pH value of 5 or 
below. As a consequence, the compositions according to the invention may be used to provide a method of inhibiting 
vaginal yeast and fungal infections. 

[0033] Each of the hereinafter-described compositions can be administered in accordance with this method. 

35 [0034] A connposition of this invention can be administered by several means to provide the desired contact between 
the epithelial cells and the composition. For example, the composition can be applied by rubbing the composition over 
the area to be moisturized. The composition can be applied by spray, hand, forceps, suppository, plunger, douche or 
other suitable instrument. Where the conjunctival epithelia are to be contacted, tiie aqueous composition desCTibed 
hereinafter can be instilled into the precorneal pockets of the eyes. Where the buccal, nasal, anal and/or vaginal epithe- 

40 lia are to be contacted, the composition can be applied by spray, hand, forceps, suppository, douche or other suitable 
instrument. 

[0035] The composition is left in place (contact maintained) for a time sufficient for moisturization of the contacted 
(treated) area to occur and thereby provide its cosmetic function to the mammal. In most circumstances, the adminis- 
tered composition is eliminated from the body by a natural bodily mechanism, such as by dispersion or erosion caused 

45 mechanically or by an aqueous body fluid such as vaginal secretions, or by washing. The bioadhesive moisturizing pol- 
ymer-containing composition can also be lost by mechanical action at the site of contact, as by action of the eyelid on 
the eyeball or tongue in the buccal cavity. For mucosa, a bioadhesive moisturizing polymer adheres to the mucin that 
covers the membrane or to the membrane itself. Mucin is replaced (turns over) within about 10 to about 20 hours, usu- 
ally about every 17 hours, and the adhered bioadhesive moisturizing polymer can be lost with the mucin. 

so [0036] The principal ingredient of the moisturizing composition of this invention is a bioadhesive polymer. 

[0037] The active moisturizer comprises the bioadhesive polymer water, and preferably the water-dispersible consist- 
ency-enhancing agent. Acjuvants or diluents can be present, as well as other ingredients that are known for i^e in 
moisturizing compositions. 

[0038] This bioadhesive polymer comprises a water-swellatrfe, but water-insoIut>l . crosslinked cartx)xy-functional 
55 polymer that exhibits bioadhesion as discussed hereinafter. The polymer preferably contains (a) a plurality of repeating 
units of which at least akx)ut 80 percent contain at least one cariDoxyl functionality and (b) 0.01 to about 6, preferably 
about 0.01 to about 2. nrare preferably about 0.05 to about 1 .5 percent cross-linking agent and preferably substantially 
free from polyalkenyl polyether, with the percentages being based upon tiie weights of unpolymerized repeating unit 
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and cross-linking agent, respectively. Preferably, at least about 90 percent of the repeating units contain at least one 
carboxyl functionality, still more preferably, at least 95 percent of those repeating units contain at least one cartxsxyl 
functionality. Also in most preferred practice, the bioadhesive contains about 0.05 to ak>out 2 percent by weight of 
polymerized crosslinking agent. 
5 [0039] A bioadhesive can be broadly defined as a material that adheres to a live or freshly killed biological surface 
such as mucous membrane or skin tissue. "Bioadhesion**, as used herein to define a useful bioadhesive moisturizing 
polymer, is assayed by the procedure described hereinafter in Example 2 of US. Patent No. 4.615.697 that measures 
the force required to separate two layers of freshly excised rabbit stomach tissue that are adhered together by an adhe- 
sive 

10 [0040] Using the procedure of U.S. Patent No. 4.615.697, a k>ioadhesive can be defined as a material that requires a 
force of at least 380 dynes/cm^ to separate two adhered, freshly excised pieces of rafcsbit stomach tissue, following the 
procedure of Example 2. An average force observed br polycart>ophil is alx>ut 1073 dynes/cm^. Upper limits for forces 
required to separate the freshly excised rabbit tissue are presently unknown, but are believed to be at least about 2000 
dynes/cm^. 

IS [0041 ] As noted previously. preferatDly at least about 80 percent of the repeating units of a preferred t>ioadhesive con- 
tain at least one cart)Oxyl functionality in order to achieve the desired amount of water-swel lability in the water-insoluk)le 
polymer. Monomers that provide these repeating units include monoethylenically unsaturated arxJ include acrylic add. 
methacrytic ackl, fumaric add, maleic add, maleic anhydride which may be hydrolyzed into its acid form during or aft r 
polymerization, itaconic add, crotonic acid, and the like. Each of these acids can be used alone or in comtxnation with 

20 Other such adds or with one or more pharmaceutically or cosmetically acceptable salts of those adds. Acrylic acid is a 
particularly preferred monomer for providing the cartx>xyl group containing repeating units of the bioadhesive polymer. 
[0042] A preferred bioadhesive polymer useful in this invention is cross-linked by a cross-linking agent as is known in 
the art. The cross-linking agent is preferafc))y substantially free from polyalkenyl polyethers, arxj is particularly free from 
polyalkenyl polyethers such as polyallyl sucrose or polyallyl pentaerythritol containing an average of at least three allyl 

25 groups per molecule as are reportedly present in CARBOPOL® 934, Exemplary of useful cross-linking agents are divi- 
nylbenzene, N.N-dlallylacrylamide. 3.4-dihydroxy-1.5-hexadiene. 2.5-dimethyl-1 .5-hexadiene and the like. 
[0043] The amount of cross-linking of the bioadhesive is of some import. When less than about 0.05 weight percent 
of an appropriate cross-linking agent is present, the bioadhesive tends to become water-soluble, or water-dispersible. 
thereby losing its desired water-insoluble, water-swellable. character that is important to the invention. When greater 

30 than about 1 or 2 percent cross-linking agent, depending on the polymer, is present for a divinylbenzene or dihydr xy 
or dimethyl-substituted hexadiene cross-linking agent, the water-swellability of the bioadhesive begins to decrease 
appreciat}ty Preferably, the cross-linking agent is present at about 0.05 to about 1 or 2 percent. However, the preferred 
range will vary inter alia with the nature of the polymer, the nature of the cross-linker an6 the degree of cross-linking. 
The cross-linking agent amounts refer to the percentages of those predecessor, unpolymerized monomers In the reac- 

35 tion mixture from which the bioadhesive is polymerized. 

[0044] A bioadhesive polymer useful herein can thus be in part defined as a reaction product of the copolymerization 
of at least 80 weight percent monoethylenically unsaturated carboxy-functional monomer and about 0.01 to about 2.0 
weight percent of a crosslinking agent free of polyalkenyl polyether. The remaining monomers that can be present to 
constitute 100 percent by weight of the monomers are discussed below. 

40 [0045] In addition to the above two ingredients, the bioadhesive polymer can also include polymerized monoethyl n- 
ically unsaturated repeating units such as C^-Cq alkyi esters of one or more of the abovedescribed acids such as hexyl 
acrylate, butyl methacrylate and methyl crotonate; hydroxyalkylene-functional esters of the above-described adds that 
contain a per molecule average of 1 to about 4 oxyalkylene groups containing 2-3 cartK>n atoms such as hydroxyethyl 
methacrylate, hydroxypropyl acrylate and 5 tetraethylene glycol monoacrylate; methacrylamide. acrylamide and their 

45 C1-C4 mono- and di-alkyi derivatives such as N-methy! acrylamide, N-butyl methacrylamide and N,N-dimethyl acryla- 
mide; styrene; and the like as are known in the art as being copolymerizable with the atxive described cartxsxyl func- 
tionality-containing monomers and cross-linking agents. The bioadhesive polymers most preferat)ly are prepared from 
only the monoethylenically unsaturated cartx)xy-f unctional monomer and the cross-linking agent. 
[0046] A bioadhesive moisturizing polymer useful herein can be prepared by conventional polymerization techniques 

50 desaibed in the literature. Exemplary preparations of useful bioadhesives are provided hereinafter and can also be 
found in U.S. Patents No. 2.810.716 and No. 3.202.577. 

[0047] A polymer of this invention can also be prepared as described in European Patent Application No. 881 121 98.2. 
published as 0 301 532 A2 on February 1 . 1989. In accordance with that disclosure, acrylic acid and a cross-linker are 
reacted in carbon dioxide as solvent in the presence of an appropriate free radical initiator at a temperature of about 45 
55 degrees to about 65 degrees C and at a pressure atxyve the mixture critical point, .g. about 1250 pounds per square 
inch at 45 degrees C to provide a fine, fluffy polymer. 

[0048] The bioadhesive useful herein is swellable in water, but is insoluble in water. Reference to the properties of the 
bioadhesive polymers of this invention as being swellable but in50lut)le in water means that the polymer can absorb 
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water, typically about 1 to about 100 times its weight in water but is sufficiently insoluble to provide a measureable vis- 
cosity at pH 6.5 at a concentration of 0.2 percent by weight in water. 

[0049] The water used for swelling the bioadhesive polymer is typically that provided by the aqueous composition of 
the present invention or it can in part be that provided by the body of the treated animal, such as by moisture transpira- 
5 tion Of secretion through the skin, by mucosal transpiration in secretions, such as saliva or vaginal mucosal secretions, 
or by secretion of tears in the eye. tt is noted, however, that the latter bodily secretions are normally not present or are 
present in relatively small amounts that give rise to the need for the composition. 

[0050] The size of the bioadhesive particles has an effect upon the compositions of this invention. It is apparent that 
the bioadhesive particles should not be so large that the conposition cannot be administered without undue difficulty. 

10 Similarly, particles sized larger than those discussed below can sometimes cause pain and irritation when administered 
for ocular, buccal or vaginal use. In addition, it appears as though particles sized as discussed below provide Improved 
function to the moisturizer composition as compared to particles that are larger in size; i.e.. In the longest dimension. 
[0051] Typically, at tiie maximum, a useful bioadhesive polymer is sized to pass tiirough a sieve screen having a 400 
mesh (U.S. Standard Sieve Series); i. e., a 38 miaon opening. Preferably, the bioadhesive polymer particles are smaller 

75 still and are sized so that the longest dimension is at>out 20 microns. Most preferably, the particles have a number aver- 
age size of about 2 microns to about 5 microns in the longest dimension. Particles of a desired size can be obtained, 
for exanple. by grinding, crushing or otherwise comminuting larger partides, as well as by direct polymerization. 
[0052] Particles having a relatively small size have a greater surface area per unit weight, swell more rapidly, and 
appear to adhere better than do particles having a relatively large size, and thus, a relatively small size is preferred for 

20 the particles. Bioadhesion measurements discussed before and in Example 2 hereinafter are carried out for conven- 
ience using a bioadhesive sized to pass through a 30 mesh sieve screen and be retained on a 40 mesh sieve screen 
(U.S. Standard Sieve Series); i.e., 30/40 mesh size. 

[0053] Bioadhesion has not been found to be a function of the molecular weight of the bioadhesive. Consequentiy, 
the bioadhesive can be of substantially any molecular weight, so long as its adhesion in the adhesion test described 

25 hereinafter Is at least 380 dynes/cm^. 

[0054] As noted previously, the broadhesives can be prepared by polymerization in an aqueous medium. In preferred 
practice, that aqueous medium is a saturated solution of an alkaline earth metal salt such as magnesium sulfate. The 
alkaline earth metal salt serves at least two functions. First, It increases the density of the polymerization medium so 
that the polymerized bioadhesive floats on the surface of the aqueous medium and can be easily removed therefrom. 

30 Second, the use of n^gneslum sulfate, in particular, reduces the swelling of the bioadhesive in the aqueous medium so 
that polymerization and recovery are facilitated. 

[0055] Bioadhesives so prepared typically contain atx>ut 0.5 to atx>ut 1 percent of the alkaline earth metal ion after 
several water rinsings of the polymer. These polymers thus differ from those in which an alkaline earth metal hydroxide 
is used to neutralize the carboxyl groups as in calcium or magnesium polycartK>phil. 

35 [0056] Particularly pretended b'oadhesives that are commercially available are those materials sold urKler the desig- 
nation polycartKDphil by A.H. Robins Co. of Richmond, Virginia, and CARBOPOL® "EXSS" also known as CAR-. 
BOPOL® 976 by B.F. Goodrich Chemical Co. of Cleveland, Ohio, the manufacturer of CARBOPOL® 934 that Is also 
discussed herein. The United States Pharmacopeia (U.S.P.) 1980 ed.. United States Pharmacopeial Convention. Inc.. 
Rockville, Maryland, at page 638, indicates that polycartx>phil is a polyacrylic acid cross-linked with divinyl glycol that 

40 has a residue on ignition of less than 4.0 percent and absorbs about 60 times it original weight in test B under Absorbing 
power. The 1985 edition of the U.S.P. lists only calcium polycartX)phil that contains 1 8-22 percent calcium and is differ- 
ent from the material described in the 1 980 edition. 

[0057] The material designated as "EXSS" from the B.F. Goodrich Co. above, has a specific. gravity of about 1 .4 and 
sorbs (absorbs and adsortis) about 60 to atx)ut 100 times its weight of water. That sorption value is similar to the sorp- 

45 tion capacity of natural mucin. In contrast. CARBOPOL® 934 is reported to sorb several hundred times its weight of 
water. A useful bioadhesive is also a polyanionic polymer with a charge density similar to mucin. 
[0058] Useful bioadhesive polymers of this invention were examined as to their densities, which are typically about 
1.30-1.70 grams/cubic centimeter (g/cc), or a specific gravity of about 1.30-1.70. The cross-linking percentage was^. 
found to have a small effect upon the resulting density of illustrative, synthesized p>olymers as is shown In the Table ^ 

so below. Also shown In that Table in Column 1 1 of U.S. Patent No. 4,615,697. 

[0059] The bioadhesive moisturizing agent is present in the compositions of this invention in an amount that is suffi- 
cient to provide moisturization for a desired period of time for which the composition of this invention is to be adminis- 
tered, and such an amount ^ referred to herein as "an effective nrxjisturizing amounf*. As is well known, effective 
amounts of agents vary with tiie particular agent employed, the corxiition being treated and the rate at which the com- 

55 position containing the agent is eliminated from the body, as well as varying with the animal in which It is used. Cons - 
quentiy. effective amounts of moisturizing agents can not t>e defined for each agent. 

[0060] Thus, an effective moisturizing amount is that amount, which in a composition of this invention, provides a suf- 
ficient amount of the moisturizing agent to provide the requisite moisturization on the body of the treated mammal for. 
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the desired period o1 time. An effective amount can therefore also be defined as a moisturizing amount 
[0061] A moisturizing composition utilized in the method of the present inverrtion is designed to provide about 0.25 
grams to about 15 grams (g) of bioadhesive per 100 milliliters (about 0.25 to about 15 weight percent) of the composi- 
tion. More preferably, a bioadhesive polymer is present at about 2 to about 5 grams per 100 ml of composition (about 2 

5 to about 5 weight percent). 

[0062] The moisturizing water can be provided by the composition or by the contacted epithelia, or both. Thus, the 
bioadhesive moisturizir^ agent can be dispersed and pre-swollen in an aqueous medium prior to application, or can be 
applied dry and free of water or can be applied dispersed in a vehicle that contains enough water to partially hydrate 
the bioadhesive moisturizing agent particles. 

10 [0063] In additbn to water and the before-mentioned bioadhesive polymer, a composition of the present invention 
preferably contains a thickening-smoothing amount of a consistency-enhancing agent that is a water-soluble or water- 
dispersible polymer. 

[0064] A consistency-enhandng agent useful herein possesses sufficient water-solubility or -dispersibility that even 
small amounts can radically alter the viscosity of an aqueous composition. Such materials can exhibit bioadhesion, but 
IS because of their solubility or dispersibility in aqueous media, they tend to be lost relative qi *<ckty from a composition and 
thereby do not provide the relatively long term moisturization that is provided by a before-discussed bioadhesive poly- 
mer. 

[0065] For ease of expression, a consistency enhancing agent will generally be referred to herein as being water-dis- 
persible. 

20 [0066] Regardless of whether a consistency-enhancing agent is dispersed or truly dissolved, a composition of such 
an agent present at up to about 10 percent in deionized or distilled water forms a single phase to the naked eye at 20 
degrees C. and once prepared does not exhibit separation when maintained at 20 degrees C for 24 hours. Where the 
consistency-adjusting agent is an add, cations such as sodium, potassium arxl ammonium ions that are utilized to dis- 
perse or dissolve the consistency-adjusting agent can also be present in the composition. 

25 [0067] Exemplary consistency-enhancing agents include anionic (carboxyl group-containing) and non-ionic polymers 
such as those containing a plurality of carboxyl groups and those containing a plurality of C2-C3 hydroxyalkyi groups. 
Specific, preferred consistency-enhancing polymer agents include carboxymethyl cellulose, hydroxypropyl cellulose, 
hydroxyethyl starch derivatives, hydroxyethyl cellulose, gums such as tragacanth, hydroxyethylacrylate or methacrylate, 
polyacrylamide, and lightiy cross-linked polyacrylic acid polymers like the before-described CARBOPOL® 934, which 

30 is particularly preferred. CARBOPOL® 934 is reportedly a polymer of acrylic acid that is cross-linked with a polyallyl 
sucrose (a polyalkenyl suaose) containing an average of at least three allyl groups per molecule. The preferred con- 
sistency-enhancing agent polymers are thus seen to be derivatized polysaccharides and polyacrylic acids; i.e., amides 
and hydroxyethyl esters. Additional consistency enhancing polymer agents indude polyvinyl pyrrolidone, polyvinyl alco- 
hol and polyethylene oxide. 

35 [0068] A consistency-enhancing agent functions in a composition described herein as its name implies; i.e., to 
enhance the consistency of the composition. That enhancement is in two areas: viscosity and texture. 
[0069] As already noted, a consistency-enhancing agent useful herein is water-dispersible and a relatively small 
amount of such a material can greatly increase the viscosity of or thicken an aqueous composition. Inasmuch as the 
bioadhesive lends relatively poorly controlled viscosity-building effects to an aqueous composition, a composition con- 

40 taining only a bioadhesive moisturizing polymeric agent can be too thin and runny or too stiff for a particular purpose 
such as in a vaginal product. 

[0070] When admixed in the amounts and under the conditions discussed hereinafter, a bioadhesive moisturizing pol- 
ymer and a consistency-enhancing polymer combine to provide an appropriately thickened aqueous moisturizing com- 
position. 

45 [0071] A particularly unexpected effect of the admixture of a useful bioadhesive moisturizing polymer and a consist- 
ency-enhancing polymer agent is that the texture of the resulting thickened composition is made smoother than when 
a bioadhesive moisturizing polymer is utilized alone. Thus, an aqueous composition that contains only a bioadhesive 
moisturizing polymer can exhibit a stiff and almost gritty feel, and as such could be uncomfortable in a vaginal product 
particularly during intercourse. 

50 [0072] On the other hand, the presence of a consistency-enhancing polymer agent unexpectedly smoothens the 
aqueous composition so that it exhibits substantially no stiffness or grittiness. That smoothening of texture also provides 
enhanced lubricity to the composition. 

[0073] The use of a single amount of the consistency-enhancing polymer agent provides tx>th the required thickening 
and smoothing. Thus, tiie amount of that material utilized is described as a thickening-smoothing amount. The consist- 
55 ency-enhancing agent can be a single polymer or mixture of polymers such as those discussed before. 

[0074] The consistency-enhancing polymer agent is present in a thickening-smoothing amount, which, along with the 
other components that can be present in an aqueous composition preferatMy provides a gel-like consistency with a vis- 
cosity of the product of atx>ut 4.000 to about 40,000 cps at 25 degrees C. measured as discussed in Example 6. As is 
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discussed in greater detail hereinafter, the viscosity of the conposttion is a function of several variables, each of which 
can be changed to alter or maintain a desired viscosity. 

[0075] A typical composition can contain about 0.25 to about 10 weight percent of a consistency-enhancing agent 
polymer. More particularly, an amount of about 0.5 weight percent to about 5 weight percent is utilized. 
5 [0076] A greater amount of a consistency-enhancing agent is generally utilized with a smaller amount of bioadhesive 
polymer, and vice versa. For example, a composition at a pH value of 2.2-2.5 containing 0.25 weight percent polycar- 
bophil as the bioadhesive requires about 8-10 weight percent CARBOPOL® 934 to achieve a viscosity appropriate for 
mechanical placement in the vagina. 

[0077] The moisturizing water can be provided by the conr^xjsition or by the contacted epithelial cells, or both. 
10 although typically, the water is provided by the composition. Thus, the bioadhesive moisturizing ar^J preferat>ly present 
consistency-enhancing agents can be admixed and pre-swollen in an aqueous medium prior to application, or can be 
applied admixed in an aqueous vehicle that contains enough water to partially hydrate the bioadhesive moisturizing 
agent particles and the consistency-enhancing agent. 

[0078] A useful aqueous composition can have a room temperature-consistency of a barely pourable liquid to a gel. 

IS the latter bang preferred, with the consistency being a function of relative amounts of vhrater, bioadhesive moisturizing 
polymer, consistency-enhancing polymer agent (when present), osmotictty and the pH value of the composition formed. 
A relatively low amount of the polymers in a given annount of water produces a relatively thinner composition than does 
a greater amount of the polymers, with tiie pH value l>eing held constant at both concentrations. 
[0079] The pKg of a useful bioadhesive moisturizing polymer is atx)ut 3 to 4. As a consequence, where a composition 

20 is at a pH value of about 5 to 6 or greater, substantially all of the acidic protons are neutralized and the polymer-con- 
taining conposition exhtoits its thickest consistency for that concentration. On the other hand, at pH values such as 2, 
below the polymer's pKg value, the composition is relatively thinner, for a given concentration. 
[0080] The pK^ values for the cartx>xylic acid-containing consistency-enhancing agents such as the particularly pre- 
ferred GARBOPOL® 934 are similar to that of a bioadhesive polymer. As a consequence, use of a composition at a pH 

25 value of about 5 or greater provides the thickest composition, whereas use of a pH value of about 2 provides tine thin- 
nest composition, for a given concentration of consistency-enhancing agent and all other conrponents being held con- 
stant. Non-ionic consistency-enhancing agents change their viscosity and that of the composition less over a range of 
pH values than do anionic materials. 

[0081] In addition, osmoticity of a composition can also play a role in the viscosity of the composition. Typically, higher 
30 solute concentrations decrease the viscosity of a composition when tine amounts of bioadhesive polymer, consistency- 
enhancing polymer (when present), water and the pH value are kept constant Thus, the viscosity of a t>efore-discussed 
composition having a pH value in excess of 5 can be reduced from that of a ringing gel to a pourat>le liquid by increasing 
the osmoticity of the composition. 

[0082] An isotonic product has an osnrotidty of about 280 to about 320 mOsM, and such an osmoticity is useful 
35 herein. The osmoticity of a moisturizing composition can be as high as about 450 to about 500 mOsM. 

[0083] Pharmaceutically acceptable electrolytes an6 non-electrolytes (collectively referred to as solutes) are used for 
adjusting osmoticity and viscosity of a useful compositioa Exemplary pharmaceutically acceptable electrolytes include 
sodium chloride, potassium chloride, sodium phosphate, potassium phosphate, sodium and potassium sulfates, arrd 
sodium and potassium bicarbonates. Exemplary pharmaceutically acceptable non-electrolytes include glycerin, sugars 
40 such as glucose and sucrose, sorisitol and urea. Thus, those solutes that are well known for adjusting osmolarity or 
osmolality are useful herein. 

[0084] Osmoticity of a given composition is a measured value that is obtained using a vapor phase osmometer. 
[0085] Thus, a composition containing a bioadhesive moisturizing polymer with or witfiout a cart^xy group containing 
consistency-enhancing polymer agent at or near the high end of the before-discussed concentrations and at a pH value 
45 of about 5 or greater exhibits more gel-like properties. Such compositions can. nevertheless, be extruded in the form of 
drops from an eye dropper, particularly where sufficient electrolyte or other solute is present to raise the osmoticity to 
near about 450 mOsM. Conversely, a composition at or near the low end of the before-discussed concentrations and at 
a pH value below at>out 3 typically behaves as a barely pourable liquid, unless a large amount of bioadhesive polymer 
is present. 

50 [0086] In specific examples, a composition for vaginal moisturization can exhibit a viscosity of atx3ut 4.000 to ak)out 
40.000 cps at 25 degrees C. whereas a composition for buccal moisturization can exhibit a viscosity of about 1 to about 
4,000 cps at 25 degrees C. The thicker compositions typically exhibit non-Newtonian flow characteristics. The viscosity 
of such solutions is therefore measured with a viscometer that is especially designed for such connpositions. The vis- 
cometer utilized for the viscosity measurements discussed herein is a commercially available Haake ROTOVISCO 

55 Model RV-12. available from Haake. Inc.. 244 Saddle Brook Road. Saddle BrooK New Jersey 07662. The machine uti- 
lized an SV cup and an SVII rotor for determining viscosity in centipoises (cps) at shear rates of 1-8 revolutions per 
minute (rpm) and at a tenperature of 25 degrees C. 

[0087] With tiiese extremes of consistency in mind, a skilled worker can readily formulate a moisturizing composition 
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having a desired consistency. It should also be understood that the pH value of a nfX}isturizing composition can change 
once the coniposition is contacted with the epithelial tissues as a result of the local pH value of the area to which the 
composition Is applied; 

[0088] The moisturizing composition is applied to the epithelta in an amount sufficient to form a layer of hydrated bio- 
5 adhesive particles that is substantially continuous over the applied surface. Typically, that layer Is several particles thick. 
In terms of the dry bioadheslve moisturizing agent, the btoadhesive moisturizing agent is applied In an amount of about 
1 to about 50 milligrams (mg) per square centimeter (cm2) of contacted epithelial cells. Application to the epithella can 
be and preferably Is in excess of that needed to provide nrK}isturlzation. 

[0089] TTie amount applied is also a function of the location of the application. For example, application to the eye 
10 requires a relatively small amount of total moisturizing composition due to possible discomfort that can arise when any 
foreign material is in the eye. Conversely, application to the skin and vaginal epithelia can be in excess of that needed 
to provide moisturization. 

[0090] For exanple, about 0.025 to about 1 .0 mg/cm^ of moisturizing polymer (atx)ut 25 to atx)ut 50 microliters of a 
composition containing about 1 to about 3 weight percent of the polymer) are used for eye moisturizing conposttions. 

15 whereas about 10 to about 50 mg/cm2 of moisturizing polymer are used for moisturizing skin. 

[0091 ] For application to the buccal, nasal, rectal and vaginal epithelia. It is more convenient to refer to the anrK>unt of 
t}ioadhesive moisturizing polymer applied in terms of the total weight of the polymer applied. Thus, for the buccal epi- 
thelia. a composition containing about 0.25 to about 5 weight percent of the bioadheslve moisturizing polymer is 
applied. For the vaginal epithelia in particular, the amount of conrposition is alxnjt 1 to atx>ut 5 grams of a composition 

20 containing about 0.25 to atx>ut 3 weight percent of the bioadheslve polymer. This latter annount is in excess of that 
needed for moisturization; but the excess is useful In providing lubrication during sexual intercourse. Broadly, tiien. a 
liquid composition contairrs about 0.25 to about 5 weight percent bioadheslve polymer or nrroisturizing agent. 
[0092] In addition to the bioadhesrve polymer moisturizing agent and consistency-enhancing agent, a composition 
useful in this invention can also contain one or more pharmaceutically or cosmetically acceptable additives that are 

25 referred to herein as adjuvants that assist in providing shelf life and customer acceptance of a moisturizing product. 
Exemplary adjuvants include preservatives, astringents, skin toners, skin conditioning agents, skin feel enhancers, 
emollients, lubricating oils, emulsifying agents, humectants, coloring agents, and odor providing agents (odorants). 
[0093] Typical preservatives known for use with moisturizers include alcohol, ascorbyt palmrtate, benzoic acid, 
butytated hydroxyanisole, butylated hydroxytoluene. chlorobutanol, ethylenediamine. ethylparaben, ethyl vanillin, glyc- 

30 erin, methylparaben monothioglycerol. phenol, phenylethyl alcohol, phenylmercuric nitrate, propylparaben, sassafras 
oil. sodium benzoate. sodium formaldehyde sulfoxylate, sodium metabisutfite, sortie acid, sulfur dioxide, maleic add. 
and propyl gallate. Obviously, to the extent any of the foregoing preservatives are irritatirig to, sensitive tissue, less irri- 
tating preservatives should be chosen. 

[0094] Typical astringents known for use with moisturizers are (1) the salts of aluminum, zinc, manganese, iron, and 
35 bismutii. (2) certain other salts tiiat contain these metals (such as permanganates) and (3) tannins or related polyphe- 
rrolic compounds. 

[0095] Typical emollients known for i^e with moisturizers are bland, fatty or oleaginous substances used to soften, 
make more pliable, the skin through penetration of the emollient into the surface layers. Typical emollients known for 
use include castor oil, sulfated castor oil, cocoa butter, coconut oil, cold cream, corn oil, cottonseed oil, rosewater oint- 

40 ment (also known as cokj cream), combinations of white wax and white peti-olatum. combinations of sodium lauryl sul- 
fate, propelyne glycol and stearyt alcohol, sesame oil. theobroma oil, myristyt alcohol and shark liver oil. 
[0096] Typical lubricating agents or oils known for use with moisturizers are petrolatum, white or yellow wax, cocoa 
butter, oleic acid, olive oil. jojoba oil, paraffin, starch glycerite, lanolin, paraffin, hydrophilic petrolatum, mineral oil, cetyl 
alcohol, glyceryl monostearate, lanolin, stearic acid, polyethylene glycols, polyoxyl 40 stearate, polysort>ate. cholesterol 

45 and higher moleculeir weight lipids. 

[0097] Emollients and lubricants provide skin-care products with the appropriate slip, tactile feel and rub-in properties 
to enhance the ease of usage and to encourage the consummer to use the product more liberally and more frequentiy 
Certain quantiary compounds allow substances like petrolateum to be combined with glycerine and in personal-care 
products without feeling greasy. The petrolateum-glycerine combination is espedally effective in alleviating dry skin. 

50 [0098] Typical emulsifying agents known for use with moisturizers are sodium alginate. cartx)mer, cart>oxymethylcel- 
lulose sodium, carrageenan, gelatin, hydroxyethyl cellulose, hydroxypropyl cellulose, hydroxypropyl methyteellulose, 
octoxynol 9. oleyl alcohol, polyvinyl alcohol, povidone, sodium lauryl sulfate, sort^itan esters, stearyl alcohol, traga- 
cantii. and xanthan gum. Emulsifying agents are used to produce oil-in-water emulsions arKi can be classified into three 
types: morx>molecular. multimolecular and solid particle. Known monomolecular emulsifying agents indude potassium 

55 laurate. polyoxyethylene sorbitan monooleate. Multimolecular emulsifying agents include acacia and gelatin. Solid par- 
ticle emulsifying agents indude bentonite, graphite and magnesium hydroxid . Emulsifying agents can also be classi- 
fied chemically into Inionic, cationic and nonlonic. 

[0099] Typical humectants known for use with moisturizing agents are glycerin, propylene glycol, pyrrolidone cartx)x- 
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yfic ackJ, sodium lactate, urea, and certain natural lipid mixtures. Other known humectarrts include certain proteins, gel- 
atin, hyaluronic acid, vitamins and some natural ingredients. Some of the protein used are collagen, hyaluronic add, 
elastin. placental proteins and proteins from epidermal tissues of mammals are also used. In general humectants act 
by penetrating into the stratum corneum and increasing the anrK)unt of moisture of that is held in close association with 
the stratum corneum lipids or proteins. 

[01 00] The preparations are rendered sterile by autoclaving at elevated at temperatures and pressures for a sufficient 

level and for a sufficient time to kill all bacterial contaminants or they are prepared unde^ aseptic oondrtions. 

[01 01 ] The preparation is rendered pyrogen-free by the use of pyrogen-f ree water which is available from commercial 

latx>ratorles. 

[0102] The phrases such as T^harmaceutically acceptable^, "cosmetically acceptable" or "physiologically tolerable- 
are used herein to mean that the material so described can be used for treatments in or on humans or other mammals 
without causing ill effects, such as toxicity, blistering or whitening of mucosa or skin tissues, and that those materials 
are not themselves bioadhesive moisturizing agents, as those words are used herein. Exemplary adjuvants can be 
found in Chapter 67 of Remington's Pharmaceutical Science. 16th ed.. Osd. et al. eds. Mack Publishing Company. 
Easton. PA (1980). as well as in Chapter 84 of the Seventeenth Edition thereof. 

[0103] It is noted that the above-mentioned adjuvants can be present in an amount that is greater than the bioadhe- 
sive polymer. Even though such can be the case, the adjuvants do not provkje the moisturlzation of the corrposition, 
but rather provide emulsification or lubridty or the like, and typically assist in application of the compositions. This is the 
case where a compound such as glycerin or sort^itol that is a known humectant is present since such materials are 
water soluble, non-bioadhesrves that are typically lost with perspiration or the like. Lubricating oils and emulsifying 
agents provide lubricfty to a conposition for sexual intercourse 

[0104] A moisturizing composition useful herein can be applied to contact the eprthelta as a dry powder, an aqueous 
suspension or a non-aqueous suspension. That application can be In the form of a spray of the powder or a suspension, 
to drops, to a composition having a cream or gel-like consisterrcy. 

[0105] In one embodiment the dry bioadhesive moisturizing polymer is swollen in an aqueous medium at a desired 
pH value, and then applied to contact the desired tissue such as tiie eye. The word "dry** is used herein in relation to a 
bioadhesive moisturizing polymer to mean that the polymer does not adhere when touched with a finger within a rubber 
glove, and is substantially unswollen. 

[0106] A bioadhesive can also be employed with suppositories for rectal or vaginal administration, in which case the 
bioadhesive polymer is dispersed therein. A thin aqueous dispersion of bioadhesive moisturizing particles is also useful 
as a vaginal or rectal douche. A gel -I ike consistency is preferred for a vaginal moisturizer, with the composition being 
applied by means of a plunger-type applicator as is well known for use in applying vaginal products. 
[0107] In another illustrative embodiment, the bioadhesive moisturizing agent is intimately mixed in a pharmaceuti- 
cally acceptable aqueous carrier as diluent for use in an eye. The bioadhesive is preferat^ly comminuted or othenwise 
sized to a number average size of atx>ut 2 to about 5 miaons in the longest dimension for use in the eye. The compo- 
sition so prepared can then be instilled as drops in the precorneal pocket of the eye to contact the conjunctival surface, 
and thereby provide contact of the moisturizing composition to that mucous menrdDrane. 

Best Modes For Carrying Out The Invention 

Example 1 : Bioadhesive Polymer Preparation 

[0108] Bioadhesive polymers useful herein were prepared following the general synthetic procedure discussed imme- 
diately t>elow. Specific bioadhesive polymers made in accordance with the general procedure are illustrated in Table 1 , 
hereinafter. 

[01 09] A solution containing 1 00 milliliters of distilled water and 800 grams of magnesium sulfate (MgS04-7H20) was 
heated to reflux with agitation. A mixture of 1 gram of initiator dissolved in 100 grams of monomeric carlx)xy-functional 
repeating unit and the amount of cross-linking agent shown in Table 1 was added to the refluxing aqueous solution with 
continued stirring. The polymerizing composition so prepared was agitated and heated to the temperature shown in 
Table 1 for the period of initial polymerization and of postpolymerization curing. 

[0110] At the termination of the curing time, the polymerized composition was diluted with 150 milliliters of distilled 

water heated to a temperature of about 95 C and then strained through a stainless steel sieve having a 40 mesh screen 

(U.S. Standard Sieve Series). The strained bioadhesive remaining on the screen was washed with one 1 liter portion of 

water heated to a temperature of about 80 C followed by five separate 1 liter washings using tepid water. The washed 

bioadhesive so prepared was then dried in a forced air oven at a temperature of 90 C for a period of 48 hours. 

[01 1 1 ] The bioadhesi ves so prepared were then used as such or comminuted and sieved to provide a desired particle 

size. 
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Table 1 





Bioadhesives 


5 


Carboxy-functional 
Repeating Unit^ 


Gross- Linking Agent^ 


Initiator^ 


Poly Time^ 


Polymerization Conditions 












t5 






TO 


(A) 


(a) 0.2 


(1) 


15 


95 


2 


83 


(A) 


(b)1.0 


(1) 


25 


95 


18 


67 




(B) 


(a) 1.0 


(1) 


30 


95 


48 


53 




(B) 


(b)1.0 


(1) 


30 


95 


48 


87 


15 


(C)« 


(a) 1:0 


(1) 




65 


24 


11 




(D)« 


(a) 0.2 


(2) 


20 


95 


72 


10 




(A) 


(c) 0.2 


(1) 


10 


95 


4 


98 


20 


(B) 


(c) 0.2 


(1) 


10 


95 


20 


93 



HOO Grams of each of the following cartx>xy- functional repeating units was used: (A) ^ acrylic acid; (B) = methacrylic 
acid; (C) = itaconic acid; and (D) = anrHeic anhydride. 

^ The numerals of the Tattle Indicate the number of grams of the particular cross-linking agent used. The particular aoss- 
linking agents were: (a) = 3,4-dihydroxy-1 ,5-hexadiene; (b) = divtnyl t^enzene; and (c) ~ 2,5-dimethyl-1 .5-hexadiene. 
^ One gram of the following initiators was used: (1) ^ benzoyl peroxide; and (2) = azot^isisobutyronitrtle. 
^ Initial polymerization time in minutes. 

^ Temperature in degrees C tor initial polymerization and post-polymeirization cure. 
^ Post-polymerization cure time in hours. 

^ Yield of dried bioadhesive based upon the weights of starting materials and recovered bioadhesive. 
^ A nitrogen sparge was used during polymerization as was deaerated distilled water prepared t>y boiling distQIed water 
30 for a period of 1 0 minutes. 



[0112] Although optimization of polymerization conditions is not reflected in the data of Table 1 . it can be seen from 
those data that the tNoadhesives useful herein are easily prepared in useful quantities. It is noted that the first bioadhe- 
35 sive listed in Table 1 has bioadhesion and other physical and chemical properties that are substantially identical to the 
commercially available bioadhesive sold under the designation polycartDophil by AH. Robins Ca of RichmorxJ, Virginia, 
as well as that sold under the designation EX55 by B.F. Goodrich Chemical Go. of Cleveland. Ohio. 

Example 2: Measurement of Adhesion 

40 

[01 1 3] As noted previously, a bioadhesive moisturizing polymer of this invention is a water-insoluble, but water-swella- 
ble. particulate, fibrous, cross-linked carboxy-functional polymer that contains specified anx>unts of cartx>xyl function- 
ality and crosslinking agent. In addition, to that chemical definition, a useful bioadhesive by definition must also exhibit 
an adhesion between two pieces of freshly excised rabbit stomach tissue of at least atx}ut 50 dynes/cm^ when meas- 
45 ured under specified conditions specified in Example 2 of U.S. Patent No. 4.615,697. 

[01 14] Exemplary results using the above measurement technique are illustrated for four useful bioadhesives in Table 
2 hereinafter. The bioadhesives were prepared as described in Example 1 with the exception that 0.3 weight percent of 
cross-linking agent was utilized. After the preparation, the bioadhesives were sieved and dry particles having a 30/40 
mesh size (U.S. Standard Sieve Series) were used for these measurem^s. 

so 



55 
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Table 2 



Bioadhesion Measurements 


Polymer^ 


Weight to Separate 
Tissues^ 


Force to S^rate 
Tissues^ 


Number of Measure- 
ments 


1 


855±55 


1061±68 


13 


2 


864±56 


1072168 


12 


3 


876±57 


1086±71 


13 


4 


306±45 


380±56 


8 



' Polymer 1 = potyacrylic acid cross-linked with 3,4-dihyclroxy-1 .Shexadiene; polymer 2 = pdy- 
acrylic acid cross-linked with 2,S-dimethy)-1 ,5-hexadiene; polymer 3 - polyacrylic acid cross-linked 
with dtvinylbenzene; and polymer 4 - poly met hacry lie acid cross-finked with divinylbenzene. 
^ Weights are in mtlligrams ± standard error of the mean (S.E.M.) 
^ Forces are reported in dynes/cm^ ± S.E.M. 



[0115] Using the alx3ve measuring technique, p-HEMA commercially available from Aldrich Chemical Co. of Milwau- 
kee. Wisconsin, required a force of 29 dynes/cm to separate the tissues, while AMBERLITE®- 200 cationic exchemge 
resin available from Rohm artd Haas Co. of Philadelphia, Pennsylvania, required almost no force to separate the tis- 
sues. 

Example 3: Bioadhesion as a Function of dH Value 

[01 16] The force measured to separate a bioadhesrve polymer that is the reaction product of the polymerization of 
acrylic acid with 0.3 weight percent of 3,4-dihydroxy-1 ,5-hexadiene that had a density of 1 .56 g/cc is shown In Figure 2. 
As is seen from the Figure, the maximum adhesion was observed at a pH value of about 5 to about 6. That maximum 
value was more than twice the adhesive force required for the separation at pH values of 0.46. 1 .42 or 2.0. As Is also 
seen, adhesion provided by that bioadhesive polymer was substantially reduced at pH value of 7. That reduction was 
statistically significant in a Studerrfs t-test, p less than 0.01. Bioadhesive forces were measured as discussed previ- 
ously in Example 2. 

Example 4: Method of Moisturizing Drv Vagina 

[0117] A moisturizing composition containing dry polycart>ophil (20 g, B.R Goodrich EX55) sized to pass through a 
400 mesh sieve screen (U.S. Standard Sieve Series) and whose number average longest dimensions are less than 
about 20 microns, CARBOPOL® 934 (10 g; B.F. Goodrich), a hydrogenated palm oil glyceride dispersant [10 g. 
MYVEROL 18-04K (Eastman)], heavy mineral oil (U.S.R heavy; 50 ml. Purepac), glycerin U.S.P. (100 ml, Purepac). 
methyl paraben (1 .0 g) and distilled, deionized water up to 1000 g was prepared by admixing with agitation as an emul- 
sion. The pH value was adjusted to pH 2.4 with a solution of sodium citrate in HCI. 

[0118] About 4 g of the above composition are placed into a plunger-type applicator. The applicator and its contents 
are placed into the vagina of a post-menopausal woman presenting with dry vagina and vaginitis, and the plunger is 
depressed to expel the composition into the subject's vaginal cavity to thereby contact the vaginal mucosa. The com- 
position so applied nx)i5turizes the mucosa and also provides luk^rication for sexual intercourse. 

Example 5: Comparative Viscosity Study 

[01 1 9] Three aqueous vaginal moisturizing compositions substantially identical to the composition of Example 4 were 
prepared, but in which the amounts of polycarbophil as bioadhesive moisturizing polymer was varied and CAR- 
BOPOL® 934 as corTsistency-enhancing agent was held constant, with more or less water being used to complete the 
connposition. 

[0120] All three compositions contained 1 weight percent CARBOPOL® 934. Composition 1 contained 1 weight per- 
cent of polycartDophil. Composition 2. like that of Example 4, contained 2 weight perc nt polycartx)phil, whereas Com- 
position 3 contained 3 weight percent polycarbophil. Conrtposition 1 was deemed too thin for use although it had a 
creamy consistency. Composition 3 was too thick for dispensing. Conrposition 2 had an appropriate viscosity for dis- 
pensing with a plunger-type apparatus and exhitxted a good feel when rubt^ed on the skin. 
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Example 6: Viscositv Me asurements 

[01 21 ] A moisturizing composition of the present invention is viscous, preferably having a gel-like consistency that is 
somewhat thicker or more viscous than mayonnaise. Such a composition exhibits non-Newtonian flow characteristics 
5 that can be described as thixotropic; i.e.. the flow is characterized by 1) a yiekJ point. 2) pseudoplastic behavior, 3) a 
reductton in viscosity on continued shearing, visible over a finite time, and 4) a tendency to rebuikJ viscosity and/or yield 
point on standing. 

[0122] Because of the non-Newtonian character of a contemplated moisturizing composition, viscosity measuremertts 
are made in a viscometer that is especially designed for such fluids. Viscosity values are therefore reported at a noted 

10 temperature and shear rate, using a particular viscosimeter. 

[0123] The viscometer utilized for the viscosity measurements discussed herein is a commercially available Haake 
ROTOVISCO Model RV-1 2. available from Haake, Inc., 244 Saddle Brook Road, Saddle Brook, NJ 07662. The machine 
utilized an SV cup and an SVll rotor for determining viscosity in centipoises (cps) at shear rates of 1-8 revolutions per 
minute (rpm) and at a temperature of 25 degrees C. 

IS [0124] Two exemplary moisturizing compositions prepared as discussed in Example 4 were made separately, by dif- 
ferent persons. The viscosities of both compositions were separately measured at shearing rates of 1 , 2. 4 and 8 rpm, 
and then compared. 

[0125] The results of this connparison are illustrated in Figure 3 in which viscosity, n, in cps XI 0^ is plotted against the 
shearing rate, n, in rpm Open and closed circles are utilized to show datum points for one or the other of the composi- 
te tions. 

Example 7: Comparative Vaginal Moisturisatton 

[0126] A double-blind study of vaginal moisturization was conducted under the gukiance of qualified physidans using 
25 a moisturizing composition and method of this invention (Example 4) and a commercially available vaginal lubricating 
product that is described by its manufacturer as a greasetess. water-soluble jelly which is dear, spreads easily and is 
non-in^itating. A total of 89 peri- and postmenopausal women were enrolled in the study. A total of eight subjects with- 
drew from the study for various reasons. 

[0127] A complete medical history and a physical examination were carried out for each enrollee prior to beginning 
30 the study. A vaginal examination was conducted and a PAP smear taken for vaginal cytology. A vaginal dryness index 
determination was made, induding a measurement of the pH value. 

[0128] A fixed dose of 2.5 grams of either composition was inserted nightly into the vagina of an enrollee for five con- 
secutive days. No composition was administered on days 6 through 8. 

[0129] Vaginal dryness indices, vaginal pH values and PAP smears were determined on days 5 through 8. The enroll- 
35 ees used the other composition on days 9 through 13 and the above data were again recorded on days 13 through 16. 
Enrollees were also asked to keep diaries during the study period, were told to maintain their usual sexual habits during 
the time of the study, and were instructed to use no vaginal medications, including douches, during the study. 
[0130] A majority of the enrollees (57.5 percent) had used vaginal lubricants previously, with the majority (71.4 per- 
cent) reporting vaginal pain as the reason for that use. Vaginal dryness was reported as a constant in 37.6 percent of 
40 the enrollees. episodic in 31.8 percent, and had started episodic but was now constant in 30.6 percent. Results were 
determined using statistical methods. 

[01 31 ] The results of this study can t>e summarized as follows: 

(1) There was a statistically significant decrease (at the 0.01 level) of vaginal pH when a composition of this inven- 
ts tion was used, but no decrease in pH value when the commercially available jelly was used. The vaginal pH value 

remained at about pH 5 or below for approximately 48 hours after the last administration of the composition. 

(2) The moisturizing effect of the gel composition of this invention tended to last longer than when the commercial 
product was used (p< 0.001). Moisturizatbn lasting longer than 12 hours was reported for more enrollees who used 
the gel of this invention, whereas a less than 6 hour duration was more frequentiy reported with the commercial 

50 product jelly. 

(3) When asked which composition they preferred. 61 .5 percent favored the composition of this invention, whereas 
25.6 percerrt favored tiie commerdal jelly 

(4) Vulvar moisturization was present or partial in most women receiving the gel composition of this invention. More 
enroll es reported leakage with the commercial lubricating jelly than with a corrpositi n of this invention. None of 

55 the enrollees reported too much vulvar moisturization with the gel of this invention, whereas 40 percent r^xxted 
too much vulvar moisturization when using the commercial lubricating jelly. 

(5) Ten women reported their corxlition to be worse using the commercial lubricating jelly compared to one woman 
using the gel of tiiis invention. Rve women reported their conditions to be worse on both compositions. No residue 
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was reported by women using the water-soluble commercial lubricating jelly compared to 7.8 perc&rt making such 
a report when using the gel of this invention. 

(6) Mucosa were ranked higher when using the gel of this invention connpared to the commercial jelly. The differ- 
ence between use of the two compositions was not statistically significant although there was a statistically signif- 
icant difference between use of the gel compoation and the pretreatment control value. 

(7) Moisture levels were statistically significantly higher using the gel composition of this invention as conrpared to 
both the control value and the value using the commercially available lubricating jelly. 

[0132] The Vaginal Dryness Index assessed five parameters, giving each a numerical score of 1-5, with 5 being the 
best. Thus, the lower the score, the greater is the lack of vaginal lubrication. 
[01 33] The five parameters and their scoring (in 

parenthesis) were as follows: 1. Ove-all Vaginal Elasticity 
(1) none. (2) poor. (3) fair. (4) good. (5) excellent: 

2. Vaginal Secretion Type & Consistency 

(1) none, (2) scant thin yellow, (3) superficial layer of thin white. (4) moderate layer of thin white. (5) nornr^l [white 
ftocculent]; 

3. pH Value 

(1) 6.1 or above. (2) 5.6-6.0, (3) 5.1-5.5. (4) 4.7-5.0. (5) 4.6 or below; 

4. Vaginal Mucosa 

(1) petechiae noted before contact, (2} 10 bleeds with high contact. (3} bleeds with scraping, (4) not friable-thin 
mucosa, (5) not friat^e normal mucosa; and 

5. Vaginal Moisture 

(1) none, mucosa inflamed, (2) none, 15 mucosa not inflamed, (3) minimal. (4) moderate. (5) normal. 
Example 8: Method of Moisturizing Drv Skin 

[0134] A composition of dry polycartx>phil (5 g. B.F. Goodrich EX55) sized to pass through a 400 mesh sieve screen 
(U.S. Standard Sieve Series) and whose number average longest dimertsions are less than about 20 microns, micro- 
silicate particles (3.75 g Syloid 244 FP, Davison Chemical Division. W. R. Grace & Co., Baltimore, Maryland), light min- 
eral oil (50 nr^). 95 ethanol (250 ml) and water (q.s. ad distilled deontzed water 1000 ml) is prepared by admixture with 
agitation. 

[0135] The composition so prepared is spread upon the dry skin surface in an amount of alx>ut 0.5-1 g per 20-30 cm^ 
of skin to be moisturized, and allowed to adhere. The polymer conposition adheres to the contact area and holds water 
in contact with the dry skin surface. 

Example 9: Method of Moisturizing Drv Skin 

[0136] A composition is prepared by admixing with agitation dry polycarbophil (5.00 g: B.F Goodrich EX55) having a 
number average particle size of about 2 to about 5 microns and CARBOPOL® 934P (2.50 g), Syloid 244 FP (3.75 g) 
with light mineral oil (50.00 ml), 95% ethanol (250.00 ml), urea (100.00 g), methylparaben (1 g). propylparaben (0.5 g) 
and diluted to 1000 ml with distilled, deionrzed water. The resulting composition has a smooth creamy texture. 
[0137] This composition is utilized as described above in Example 4 for treating dry skin. The presence of the mineral 
oil and CARBOPOL® 934 in the composition improve its texture and make the composition more lubrous when applied 
to the skin. 

Example 10: Method of Moisturizing Dry Vagina 

[0138] A composition prepared from the dry polycarbophil (3 g) of Example 8, methyl paraben (0.2 g), propylparaben 
(0.03 g) and water (100 ml) is admixed and agitated, and adjusted to pH 2.4 with a solution of sodium citrate in HCI. 
The composition so prepared has a gel-like consistency. 

[0139] About 4 g of the atxve composition are placed into a plunger-type applicator. The applicator and its contents 
are placed into the vagina of a postmenopausal woman presenting with dry vagina and vaginitis, and the plunger is 
depressed to expel the composition into the subject's vaginal cavity to thereby contact th vaginal eprthelia. The com- 
position so applied moisturizes the mucosa artd also provides lubrication for sexual intercourse. 
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Example 1 1 : Method for M oisturizing Dry Mouth 

[0140] A composition prepared from the dry polycarbophil (2.0 g), f Example 8. sorbitol (NEOSORB® P100T (10 g» 
Roquette Corporation)], aspartame (0,06 g, NUTRASWEET®). lemon-vanilla flavoring (1.0 g). methylparaben (0.20 
5 gm), propylparaben (0.03 g) and water (100 ml) is prepared by admixture and agitation, and adjusted to pH 2.3 with 
sodium citrate-HCI in HCI. 

[0141 ] The corrpositton is administered into the mouth to moisturize dry or desiccated tissue therein. A similar oom- 
posttion can be administered in several application forms, such as an aqueous spray, a gel, a chewat)le tablet, a dry 
powder, wafer, pastille, lozenge and an emulsion. The additional application forms are prepared by. well known tech- 
10 niques and need only contain the bioadhesive moisturizing polymer of the abovelisted ingredients. 

[0142] Regardless of the form in which the composition is used, the bioadhesive polymer contacts the buccal mem- 
branous-tissue and maintains water within the oral mucosa. 

Example 12: Method of Moisturizing Dry Eye 

15 

[0143] Polycarbophil (B.F Goodrich EX55) is dried, crushed and sieved to provide partides that pass through a 400 
mesh sieve screen (U.S. Standard Sieve Series), and whose number average longest dimension is about 2-5 nrucrons. 
A composition of those particles of polycarbophil (3.0 g) and water (1 00 ml) is prepared by admixture with agitation, and 
adjusted to atx>ut pH 5.5. An electrolyte is added with further agitation to provide a thickened Tiquid. That liquid is 
20 applied to the ophthalmic epithelia in an amount of atx>ut 0.025-0.05 ml with an eye dropper. The resulting contact with 
the ophthalmic mucosa is maintained until the treated subject requires another treatment as is evidenced by itching of 
the eye. 

[0144] The foregoing is intended as illustrative of the present invention but not limiting. Numerous variations and mod- 
ifications may be effected without departing from the scope of the invention, as defined in the daims. 

25 

Claims 

1. A non-therapeutic method of moisturizing mammalian epithelial cells comprising contacting mammalian epithelial 
cells selected from skin, vaginal mucosa, buccal mucosa, nasal mucosa and anal mucosa with an effective mois- 
30 turizing amount of an aqueous composition that comprises water and a moisturizing amount of a bioadhesive mois- 
turizing polymer having an adhesive force of at least 380 dynes per square centimeter, said bioadhesive 
moisturizing polymer comprising a water-swellable, but water-insoluble, cross-linked caiboxy-functional polymer 
and maintaining said contact for a time period sufficient to moisturize said contacted epithelial cells. 

35 2. The method according to daim 1 wherein said bioadhesive moisturizing polymer contains a plurality of repeating 
units of which at least 80 percent contain at least one cart>oxyl functionality. 

3. The method according to daim 2 wherein at least 90 percent of said repeating units contain at least one cartx>xy1 
functionality. 

40 

4. The method according to daim 2 or claim 3 wherein said bioadhesive polymer contains 0.01 to 6 percent cross- 
linking agerrt. 

5. The method according to daim 4 wherein said bioadhesive polymer corrtains 0.05 to 6 percent cross-linking agent. 

45 

6. The method according to claim 4 or claim 5 wherein said cross-linking agent is substantially free from polyalkenyl 
polyether. 

7. The method according to any preceding claim wherein said aqueous composition further contains a thickening- 
50 smoothing amount of a consistency-enhandng agent. 

8. A method of moisturizing mammalian epithelial cells according to daim 7. wherein said bioadhesive polymer is par- 
ticulate, and said consistency-enhancing agent is a water-dispersible non-Ionic or anionic polymer. 

55 9. The method according to claim 8 wherein said bioadhesive polymer particles are sized to pass through a 400 mesh 
sieve, U.S. Standard Sieve Series, when dry. 

10. The method according to claim 9 wherein said bioadhesive polymer particles have a number average longest 
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11. The method according to any of claims 8 to 10 wherein said consistency-enhancing agent is an anionic polymer 
having a plurality of cartx>xyl groi^. 

5 

12- The method according to any of claims 8 to 1 1 wherein said consistency-enhancing agent is present at 0.25 to 10 
weight percent of said conrposition. 

13. The method according to claim 12, wherein said consistency-enhancing agent is present at 0.25 to 5 percent of 
10 said composition. 

1 4. The method according to any of claims 8 to 1 3 said bioadhesive polymer particles are dispersed in a physiologically 
tolerable diluent prior to said contacting. 

75 1 5. The method according to any preceding claim wherein the epithelium contacted is selected from the group consist- 
ing of skin and vaginal mucosa. 

1 6. The method according to claim 1 5 wherein the epithelium contacted is vaginal mucosa. 

20 17. The method according to claim 16 wherein said composition has a gel-like consistency. 

18. The method according to claim 16 or daim 17 wherein the vaginal epithelial cells are contacted with 1 to 5 grams 
of said composition that contains 0.25 to 3 weight percent of said bioadhesive polymer. 

25 1 9- The method according to claim 1 7 wherein said consistency-enhancing agent is polyacrylic acid cross-linked with 
polyallyl sucrose containing an average of at least three allyl groups p^ molecule. 

20. A thixotropic moisturizing composition comprising (i) water, (ii) a moisturizing amount of a bioadhesive moisturizing 
polymer having an adhesive force of at least 380 dynes per square centimeter and comprising a water-swellable, 
30 but water-insoluble, particulate, cross-linked cart^oxy-functional polymer; (iii) a thickening-smoothing amount of a 

consistency-enhandng agent being a water-dispersible non-ionic or anionic polymer; and optionally (iv) an adju- 
vant selected from astringents, skin toners, skin conditioning agents, skin feel enhancers, emollients, lubricating 
agents, emulsifying agents and humectants. 

35 21 . The composition according to claim 20 containing one or more preservatives and a lubricant. 

22. The corrposition according to claim 20 or claim 21 wherein said consistency-enhancing agent is present at 0.25 to 
10 weight percent of said composition. 

40 23. The conposition according to claim 24 wherein said consistency-enhandng agerrt Is present at 0.5 to 5 weight per- 
cent of said composition. 

24. The composition according to any of claims 20 to 23 wherein said consistency-enhancing agent iis polyacrylic add 
cross-linked with polyallyl sucrose containing an average of at least three allyl groups per rrxjlecule. 

45 

25. The composition according to any of claims 20 to 24 wherein said bioadhesive moisturizing polymer contains a plu- 
rality of repeating units of which at least 80 percent contain at least one cartx)xyl functionality. 

26. The composition according to claim 25 wherein at least 90 percent of said repeating units contain at least one car- 
50 boxyl functionality. 

27. The composition according to any of claims 20 to 26 wherein said bioadhesive polymer contains 0.01 to about 6 
percent cross-linking agent 

55 28. The composition according to any of claims 20 to 27 wherein saki cross-linking agent is substantially fr e from pdy- 
alkenyl polyether. 

29. The composition according to claim 28 wherein said bioadhesive polymer contains 0.05 to 1 .0 percent cross-linking 
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agent 

30. The conposition according to any of claims 20 1 29 wherein said composition has a gel-like consistency. 

5 31 . The composition according to any of claims 20 to 30 wherein said bioadhesive polymer particles are sized to pass 
through a 400 mesh size sieve. U.S. Standard Sieve Series, when dry. 

32. The composition according to any of claims 20 to 31 wherein said bioadhesive polymer particles have a number 
average longest dimension of 2 to 5 microns. 

33. The composition according to any of claims 20 to 32 in substantially sterile formulation. 

34. The composition according to any of claims 20 to 33 which is substantially pyrogen-free. 
15 35. The composition according to claim 20 containing one or more preservatives. 

36. The corrposition according to claim 20 containing a lubricant 

37. The method of producing a moisturizing composition according to any of claims 20 to 36 corrprising the mixing of 
20 water and a moisturizing amount of said bioadhesive moisturizing polymer along with said adjuvants. 

38. The method according to claim 37 followed by sterilization of the mixture. 

39. The method according to claim 37 followed by testing for freedom from pyrogens. 

40. The method according to any of claims 37 to 39 wherein said mixture is free from irritating sut>stances. 

41 . The use of a bioadhesive polymer in the manufacture o1 a thixotropic composition for the therapeutic or prophylactic 
moisturizing of epithelial tissue, or treatment of epithelial tissue by reduction of the pH thereof, said composition 

30 comprising water and a water-swellable. but water-insoluble, cross-linked cart^oxy-functional polymer. 

42. The use of a bioadhesive polymer according to claim 41 wherein said epitiielial tissue Is eye tissue. 

43. The use of a bioadhesive polymer according to claim 41 in which the epithelial tissue Is buccal epithelial cells. 

35 

44. The use of a bioadhesive polymer according to claim 41 in which tine epithelial tissue is vaginal epithelial cells. 

45. The use of a bioadhesive polymer according to claim 41. wherein said conposition is effective to tower the pH of 
epithelial tissue by at least 0.5 pH units. 

40 

46. The use of a bioadhesive polymer according to claim 45, wherein said conposition is effective to tower the pH of 
epithelial tissue by at least 0.5 pH units for at least 48 hours. 

47. The use of a bioadhesive polymer according to claim 41 , wherein said composition is effective to reduce the pH of 
45 epithelial tissue to about pH 5 or below. 

48. The use of a bioadhesive polymer according to claim 47, wherein said composition is effective to reduce the pH of 
epithelial tissue to about pH 5 or below for at least 48 hours. 

so 49. The use of a bioadhesive polymer according to any of claims 41 to 48, wherein said bioadhesive polymer is as 
recited in any of claims 2 to 6. 

50. A thixotropic vaginal treatment composition comprising water, a pH-redudng amount of a bioadhesive polymer and 
a thickening-smoothing amount of a consistency-enhancing agent, said bioadhesive polymer conprising a water- 

55 swellabl but water-insoluble, particulate, cross-linked cartx»cy-functional polymer and said consistency-enhancing 
agent being a water-disperstble non-ionic or anionic polym r. 

51. A corrposition according to daim 50. wherein said bioadhesive polymer is as recited in any of claims 2 to 6. 
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PatentansprOche 

1. Ein nbht-therapeut'sches Veiiahren zur Befeuchtung von Sdugetier-Epithdzellen. welches umfaBt: IrvKbntakt- 
Bringen von Sdugetier-Eprthelzellen. die aus Haut. Vaginalschleimhaut. Mundschleimhaut, Nasenschleimhaut und 

5 Analschleimhaut ausgewdhit sind, mit einer wirksamen befeuchtenden Menge einer w&sserigen Zusammen- 

setzung, die Wasser und eine befeuchtende Menge eines bioadhesiven bef^chtenden Polymers mrt einer Adhe- 
sivkraft von mindestens 380 Dyn pro Quadratzentimeter enthait. welches bioadhesive befeuchtende Polymer ein 
wasserquellbares. jedoch wasseruniosliches. vernetztes carboxyfunktionelles Polymer umlaut und Aufrechterhal- 
ten dieses Kbntaktes wdhrend eines ausretchenden Zeitraums, urn die genannten in Kontakt stehenden Epithelzel- 

10 len zu befeuchten. 

2. Das Verfahren nach Anspruch 1 . in welchem das bioadhesive befeuchtende Polymer eine Vielzahl von sich wieder- 
hotenden Einheiten enthdlt. von denen mindestens 80 Prozent mindestens eine Cart>oxylfunktion enthalten. 

IS 3. Das Verfahren nach Anspruch 2, in welchem mindestens 90 Prozent der genannten sich wiederholenden Einheiten 
mindestens eine Cart>oxytfunktion enthalten. 

4. Das Verfahren nach Anspruch 2 oder Anspruch 3, in welchem das genannte bioadhesive Polymer 0,01 bis 6 Pro- 
zent Vernetzungsmittel enthait. 

20 

5. Das Verfahren nach Anspruch 4, in welchem das genannte bioadhesive Polymer 0.05 bis 6 Prozent Vernetzungs- 
mittel enthdit. 

6. Das Verfahren nach Anspruch 4 oder Anspruch 5, in welchem das genannte Vernetzungsmittel Im weserttlichen 
2S frei von Polyalkenylpolyether isl. 

7. Das Verfahren nach einem der vorhergehenden Anspruche. in welchem die genannte wdsserige Zusmmensetzung 
weiters eine verdickende-gldttende Menge eines konsistenzverbessernden Mittels enthdit. 

30 8. Ein Verfahren zur Befeuchtung von Sdugetier-Epithelzellen nach Anspruch 7, in welchem das genannte bioadhe- 
sive Polymer teilchenfOrmig ist und das genannte konsisterzverbessernde Mittel ein wasserdi^ergiert^ares, nicht- 
ionisches oder anionisches Polymer ist 

9. Das Verfahren nach Anspruch 8. in welchem die Teilchen des genannten bioadhesiven Polymers eine solche 
35 Gr6f3e haben. daB sie In trockenem Zustand durch ein 400 mesh Sieb der US Starxlard-Siebserie hindurchgehen. 

10. Das Verfahren nach Anspruch 9. in welchem die Teilchen des genannten bioadhesiven Polymers eine zahlenge- 
mittelte Idngste Dimension von 2 bis 5 Mikron haben. 

40 11. Das Verfahren nach einem der Anspruche 6 bis 10, in welchem das genannte konsistenzverbessernde Mittel ein 
anionisches Polymer mit einer Vielzahl von Carbocylgruppen isl. 

12. Das Verfahren nach einem der Anspruche 8 bis 11. in welchem das genannte konsistenzverbessernde Mittel zu 
0,25 bis 1 0 Gewichtsprozent der genanrrten Zusammensetzung vorliegt 

45 

13. Das Verfahren nach Anspruch 12, in welchem das konsistenzverbessernde Mittel zu 0,25 bis 5 Prozent der 
genannten Zusammensetzung vorliegt. 

1 4. Das Verfahren nach einem der Anspruche 8 bis 1 3. in welchem die Teilchen des genannten bioadhesiven Polymers 
50 vor dem genannten In-Kontakt-Bringen in einem physlologisch vertrdglichen Verdunnungsmittel dispergiert wer- 

den. 

15. Das Verfahren nach einem der vorhergehenden Anspruche, in welchem das in Kontakt gebrachte Eptthel aus der 
Gruppe ausgewghit ist, die aus Haut und Vaginalschleimhaut besteht. 

55 

16. Das Verfahren nach Anspruch 15, in welchem das in Kontakt gebrachte Epithel Vaginalschleimhaut ist 

1 7. Das Verfahren nach Anspruch 1 6. in welchem die genannte Zusammensetzung eine gelartige Konsistenz hat 
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18. Das Verfahren nach Anspruch 16 Oder Anspruch 17, in welchem die Vaglnalepithelzellen mit 1 bis 5 Gramrh der 
genannten Zusammensetzung. die 0.25 bis 3 Ge\Anchrtsprozent des genannten bioadhesiven Polymers enthfllt. In 
Kontakt gebracht werden. 

5 19. Das Verlahren nach Anspruch 17. in welchem das genannte Konsistenzverbessernde Mrttel Polyacrylsdure ist, die 
mit einer Polyallylsucrose. die im Durchschnitt mindestens drei Allylgruppen pro MolekQI enthdtt. vernetzt ist 

20. EIne thixotrope befeuchtende Zusammensetzur^. die enthait: (i) Wasser; (ii) eine befeuchtende Menge eines 
bioadhesiven befeuchtenden Polymers mit einer Adhesivkraft von mindestens 380 Dyn pro Quadratzentimeter, 

w welches ein wasserquellbares. jedoch wasserunlOsiiches, teilchenfOrmiges. vemetztes cait>oxyfunktionelles Poly- 
mer umfaBt; (i") eine verdickende-giSttende Menge eines konsistenzverbessernden Mittels. das ein wasserdisper- 
gierbares nichtionisches Oder anionisches Polymer ist, und gegebenenfalls (rv) ein Hilfsmittel, das aus 
Adstringentien. Haut-Tonika. Haut-Konditioniermitteln, HautgefOhlverbesserern. Weichmachem, Glertmitteln. 
Emulgiermitteln und Feuchthaltemittein ausgewdhlt ist. 

IS 

21. Die Zusammensetzung nach Anspruch 20, die ein oder mehrere Konservierungsmittel und ein Gleitnittel enthaii 

22. Die Zusammensetzung nach Anspruch 20 oder Anspruch 21, in welcher das genEinnte konsistenzverbessernde 
Mittel zu 0,25 bis 10 Gewichtsprozent der genannten Zusammensetzung vorliegt. 

20 

23. Die Zusammensetzung nach Anspruch 22, in welcher das genannte konsistenzverbessernde Mittel zu 0,5 bis 5 
Gewichtsprozent der genannten Zusammensetzung vorliegt. 

24. Die Zusammensetzung nach einem der Anspruche 20 bis 23. in welcher das genannte konsistenzverbessernde 
25 Mittel Polyacrylsdure ist. die mit einer Polyallylsuaose, die im Durchschnitt mindestens drei Allylgruppen pro Mde- 

kOI enthait, vernetzt ist. 

25. Die Zusammensetzung nach einem der Anspruche 20 bis 24, in welcher das genannte bioadhesive befeuchterxie 
Polymer eine Vielzahl von sich wiederholenden Einheiten enthSIt, von welchen mindestens 80 Prozent mindester^ 

30 eine Carboxylfunktion enthalten. 

26. Die Zusammensetzung nach Anspruch 25, in welcher mindestens 90 Prozent der genannten sich wiederholerxjen 
Einheiten mindestens eine Carboxylfunktion enthalten. 

35 27. Die Zusammensetzung nach einem der Anspruche 20 bis 26. in welcher das genannte bioadhesive Polymer 0,01 
bis etwa 6 Prozent Vernetzungsmittel enthSIt 

28. Die Zusammensetzung nach einem der Anspruche 20 bis 27, in welcher das genannte Vernetzungsmittel tm 
wesentlichen frei von Pdyalkenylpolyether ist. 

40 

29. Die Zusammensetzung nach Anspruch 27, in welcher das genannte bioadhesive Polymer 0,05 bis 1 ,0 Prozent V r- 
netzungsmittel enthdit. 

30. Die Zusammensetzung nach einem der Anspruche 20 bis 29, in welcher die genannte Zusammensetzung eine gel- 
45 artige Kbnsistenz hat. 

31 . Die Zusammensetzung nach einem der Anspruche 20 bis 30, in welcher die Teilchen des genannten bioadhesiven 
Polymers eine solche Gr03e haben, da3 sie in trockenem Zustand durch ein 400 mesh Sieb der US Standard- 
Siebserie hindurchgehen. 

so 

32. Die Zusammensetzung nach einem der Anspruche 20 bis 31 , in welcher die Teilchen des genannten bioadhesiven 
Polymers eine zahlengemittelte ISngste Dimension von 2 bis 5 Mikron haben. 

33. Die Zusammensetzung nach einem der AnsprOche 20 bis 32, in im wes ntlichen sterller Formulierung. 

55 

34. Die Zusammensetzung nach einem der Anspruche 20 bis 33, die im w sentlichen pyrogenfrei ist 

35. Die Zusammensetzung nach Anspruch 20. die ein oder mehrere Konservierungsmittel enthdit 
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36. Die Zusammensetzung nach Anspruch 20. die ein Gleitmittel enthalt 

37. Das Verfahren zur Herstellung einer befeuchtend^ Zusammensetzung nach einem der AnsprOche 20 bis 36, wel- 
ches das Mischen von Wasser und einer befeuchtenden Menge des genannten bioadhesiven befeuchtenden Poty- 

5 mers gemeinsam mit dem genannten Hilfsmittel unrrfaBt 

38. Das Verfahren nach Anspruch 37. an wefches Sterilisation der Mischung ar^hlie3t. 

39. Das Verfahren nach Anspruch 37, an welches eine Untersuchung auf Pyrogenfreiheit anschlieBt. 

10 

40. Das Verlahren nach einem der AnsprOche 37 bis 39. in welchem die genannte Mischung frei von Reizstoffen ist 

41 . Die Verwendung eines bioadhesiven Polymers bei der Herstellung einer thixotropen Zusammensetzung fOr die the- 
rapeutische Oder prophylaktische Befeuchtung von Epithelgewebe oder zur BeharKjIung von Epithelgewebe durch 

IS Herabsetzung des pH-Werts desselben. wobei die genannte Zusammensetzung Wasser und ein wasserquellba- 
res, jedoch wasserunldsliches. vernetztes carboxyfunktionelles Polymer umfaBt. 

42. Die Verwendung eines bioadhesiven Polymers nach Anspruch 41, wobei das genannte Epithelgewebe Augenge- 
wet>e Ist. 

20 

43. Die Verwendung eines bioadhesiven Polymers nach Anspruch 41 , wobei das Epithelgewebe aus Mund-Epithelzel- 
len k>esteht. 

44. Die Verwendung eines bioadhesiven Polymers nach Anspruch 41 , wobei das Epithelgewebe aus Vaginalepithelzel- 
25 len besteht. 

45. Die Verwendung eines bioadhesiven Polymers nach Anspruch 41. wobei die genannte Zusammensetzung eine 
Herabsetzung des pH-Werts des Epithelgewebes um mindestens 0.5 pH-Einheiten bewirkt. 

30 46. Die Verwendung eines bioadhesiven Polymers nach Anspruch 45, wobei die genannte Zusammensetzung eine 
Herabsetzung des pH-Werts des Epithelgewebes um mindestens 0,5 pH-Einheiten wahrend mirxlestens 48 Stun- 
den bewirkt. 

47. Die Venwendung eines bioadhesiven Polymers nach Anspruch 41, wobei die genannte Zusammensetzung eine 
35 Herabsetzung des pH-Werts des Epithelgewebes auf etwa pH 5 oder darunter bewirkt. 

48. Die Verwendung eines bioadhesiven Polymers nach Anspruch 47, wobei die genannte Zusammensetzung eine 
Herabsetzung des pH-Werts des Epithelgewebes auf etwa pH 5 oder darunter w^rend mirxlestens 48 Sturxjen 
bewirkt. 

40 

49. Die Venwendung eines bioadhesiven Polymers nach einem der AnsprOche 41 bis 48, wobei das genannte btoad- 
hesive Polymer eines ist, das in einem der AnsprOche 2 bis 6 genannt ist. 

50. Eine thixotrope Zusammensetzung zur Vaginalbehandlung, die Wasser, eine pH-reduzierende Menge eines bioad- 
45 hesiven Polymers und eine verdickende-giattende Menge eines konsistenzverbessernden Mittels enthait. wobei 

das genannte bioadhesive Polymer ein wasserquellbares, jedoch wasserunlOsliches, teilchenfOrmiges. vernetztes 
carboxyfunktionelles Polymer umfaBt und das genannte konsistenzverbessernde Mittel ein wasserdispergiert>ares 
nichtionisches oder anionisches Polymer ist. 

so 51. Eine Zusammensetzung nach Anspruch 50, in welcher das genannte bioadhesive Polymer eines ist, das in den 
Anspruchen 2 bis 6 genannt ist. 

Revendications 

55 1 . Proc6d6 non th^rapeutique d'hydratation de cellules §pith6liales de mammif^res. comprenant la mis en contact 
de cellules 6pith6liales de mammrf^res choisies parmi la peau. la muquese vaginale. la muqueuse buccale. la 
muqueuse nasale et la muqueuse annale. avec une quantity hydratante efficace d'une composition aqueuse qui 
comprend de Teau et une quantity hydratante d'un polym^re bioadh^sif hydratant ayant une force adh^ive d*au 
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moirrs 380 dynes/cm^, ledit polymdre bioadh^sif hydratant comprenant un polym^re k fonction cartx)xy r^ticul^. 
gonftable dans Teau mais insoluble dans Teau. et le niaintien dudrt contact pendant una p^iode de tenips suffi- 
sante pour hydrater lesdites cellules ^p'rth^iales mises en contact 

2. Proc^6 selon la revendicaton 1. dans lequel ledit polymdre k>ioadh6sif h/dratant contient plusieurs motifs rteur- 
rents dont au moins 60 % contiennent au molns une fonctionnalit^ cartx)xyle. 

3. Proc6d6 selon la revendication 2, dans lequel au moins 90 % desdits motifs r6currents contiennent au nx)ins une 
fonct)onnaiit6 cartx>xyle. 

4. Proc^6 selon la revendication 2 ou la revendication 3. dans lequel ledit polym^re bioadh§sif content 0.01 ^ 6 % 
d*agent de reticulation. 

5. Proc^6 selon la revendication 4. dans lequel ledit polym^re bioadh^if contient 0.05 ^ 6 % d'agent de reticulation. 

6. Proc^de selon la revendication 4 ou la revendication 5, dans lequel ledit agent de reticulation est substantiellement 
exempt de polyether polyalc^nyie. 

7. Procede selon Tune quelconque des revendications precedentes, dans lequel ladite composition aqueuse contient 
en outre une quantity epaisslssante-lissante d'un agent ameiiorant la consistence. 

8. Precede dtiydratation de cellules epitheiiales de mammiferes selon la revendication 7, dans lequel ledit polymere 
bioadhesif est particulaire. et ledit agent ameiiorant la consistence est un polymere non ionique ou anionique dis- 
persit>le dans Teau. 

9. Procede selon la revendication 8, dans lequel lesdites particules de polymere bioadhesif ont une tailte leur permet- 
tant de passer e travers un tamis de 400 mesh, serie des tamis de norme U.S.. k retat sec. 

10. Precede selon la revendication 9, dans lequei lesdites particules de polymere bioadhesif ont une dimension 
moyenne en nombre la plus longue de 2 e 5 jim. 

11. Procede selon Tune quelconque des revendications 8 d 10, dans lequel ledit agent ameiiorant la consistance est 
un polymere anionique ayant plusieurs groupes cartx)xyle. 

12. Procede selon Tune quelconque des revendications 8^11. dans lequel ledit agent ameiiorant la consistance est 
present k 0.25 e 10 % en poids par rapport k ladite composition. 

13. Procede selon la revendication 12. dans lequel ledit agent ameiiorant la consistance est present k 0,25 e 5 % par 
rapport k ladite composition. 

14. Precede selon I'une quelconque des revendications 8 e 13. dans lequel lesdites particules de polymere bioadhesif 
sont dispersees dans un diluant physiologiquement acceptable avant ladite mise en contact. 

15. Procede selon Tune quelconque des revendications pr^cedentes. dans lequel repitheiium mis en contact est choisi 
dans le groupe constitue par la peau et la muqueuse vaginale. 

16. Precede selon la revendication 15. dans lequel repitheiium mis en contact est de la muqueuse vaginale. 

17. Precede selon la revendication 16, dans lequel ladite composition a une consistance semWable k un gel. 

18. Precede selon la revendication 16 ou la revendication 17, dans lequel les cellules epitheiiales vaginales sont mises 
en contact avec 1 e 5 g de ladite composition qui contient 0.25 e 3 % en poids dudit polymere bioadhesif. 

19. Precede selon la revendication 1 7. dans lequel ledit agent ameiiorant la consistance est un adde polyacrylique reti- 
cule avec du saccharose polyallyie contenant une moyenne d'au moins trois groupes allyle par nrtoiecule. 

20. CJonposition hydratarrte tiiixotrope conrprenant (i) de Teau ; (ii) une quantite hydratante de polymere bioadhesif 
hydratant ayant une force adhesive d'au moins 380 dynes/cm^ et comprenant un polymere k fonction cartx)xy r6tir 
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cul^ part'culaire gonflable dans Teau mais insoluble dans I'eau ; Q\\) une quantity ^paississante-lissante d'un agent 
am§liorant la cx)nsistance qui est un potym^re non ionique ou anionique dispersit>le dans I'eau ; et facultativement, 
(rv) un adjuvant choisi parmi les astringents, ies agents teintant la peau. les agents conditonnant la peau. les am6- 
fiorants du toucher cutan^. les Emollients, les agents lubrifiants. les agents Emulsrfiants et les humectarrts. 

5 

21. Composition selon la revendication 20. contenant un ou plusieurs conse^teurs et un lubrifiarrt. 

22. Composition selon la revendication 20 ou la reverxjication 21. dans laquelle ledit agent amSlioFant la consistance 
est present ^ 0.25 d 1 0 % en poids par rapport k ladite composition. 

10 

23. Composition selon la revendication 24, dans laquelle ledit agent am^fiorant la consistance est pr^ent ^ 0.5 ^ 5 % 
en poids par rapport k ladite conposition. 

24. Composition selon Tune quelconque des revendications 20 k 23. dans laquelle ledit agent am^liorant la consis- 
75 tance est un acide polyacrylique r^ticulE avec du saccharose polyaltylE contenant une nxjyenne d*au moins trois 

groupes allyle par molecule. 

25. Composition selon Tune quelconque des revendications 20 k 24, dans laquelle ledit polym^re bioadh^if hydratant 
contient plusieurs motifs r^currents dont au moins 80 % contiennent au nrioins une fonctionnalitE cartx>xyle. 

20 

26. Composition selon la revendication 25. dans laquelle au moins 90 % desdits motifs rtojrrents contiennent au 
moins une fonctionnalitE cartxvcyle. 

27. Composition selon Tune quelconque des revendications 20 k 26, dans laquelle ledit polym^re bioadh^if contient 
25 0.01 k environ 6 % d*agent de reticulation. 

28. Composition selon Tune quelconque des reverKlicattons 20 k 27. dans laquelle ledit agent de reticulation est sut>s- 
tantiellement exempt de poly^ther polyalc^nyie. 

30 29. Composition selon la revendication 28, dans laquelle ledit polym^e btoadhesif contient 0.05 ^ 1 .0 % d*agent de 
reticulation. 

30. Composition selon Tune quelconque des revendications 20 k 29. tadite composition ayant une consistance sem- 
blat>le k un gel. 

35 

31 . Composition selon Tune quelconque des revendications 20 k 30, dans laquelle les particules dudit polym^re bioad- 
hesif ont une dimension leur permettant de passer k travers un tamis k ouvertures de 400 mesh, sErie des tamis 
de norme U.S.. k retat sec. 

40 32. Composition selon Tune quelconque des revendications 20 ^ 3 1 , dans laquelle les particules dudit pdym^re bioad- 
h6sif ont une dimension moyenne en nombre la plus longue de2kS fim. 

33. Composition selon Tune quelconque des revendications 20 k 32, dans une formulation substantteilement sterile. 

45 34. Composition selon Tune quelconque des revendications 20 k 33. qui est substantteilement apyrogene. 

35. Composition selon la revendication 20, contenant un ou plusieurs conservateurs. 

36. Composition selon la revendication 20. contenant un lubrifiarrt. 

50 

37. Precede de preparation d"une composition hydratante selon Tune quelconque des revendications 20 k 36. compre- 
nant le melange d'eau et d'une quantite hydratante dudit polymdre bioadhesif hydratant avec lesdits adjuvants. 

38. Precede selon la revendication 37, suivi par une sterilisation du melange. 

55 

39. Precede selon la revendication 37, suivi par un essai d'at>sence de pyrogenes. 

40. Precede selon Tune quelconque des revendications 37 k 39, dans lequel ledrt melange est exempt de substances 
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irrrtantes. 

41. Utilisation d*un polym^re bioadh^sH dans la fabrication d'une composition thixotrope pour Phydratation th^rapeuti- 
que ou prophylactique d'un tissu 6ptth6lial. ou le traitement d'un tissu 6prth6liat par reduction de son pH. ladite com- 
position comprenant de Teau et un pdym^re k fbnction carboxy r6ticul6 gonf table dans Teau nriais insoluble dans 
I'eau. 

42. Utilisation d*un polym^re btoadh^sif selon la revendicatlon 41. dans laquelle ledit tissu 6pith6lial est un tissu ocu- 
lalre. 

43. Utilisation d'un polym^re bioadh^sif selon la revendicatlon 41 , dans laquelle le tissu ^pith^lial est compose de cel- 
lules ^ith^liales buccales. 

44. Utilisation d*un polym^re bioadh^sif selon la res/endication 41 . dans laquelle le tissu 6pith6lial est compost de cel- 
lules ^ith^liales vaginales. 

45. Utilisation d'un polym^re bioadh§sif selon la revendicatlon 41 , dans laquelle ladite composition est efficace pour 
abaisser le pH d*un tissu ^ith^lial d*au moins 0.5 unit6 de pH. 

46. Utilisation d'un polym^re bioadh^slf selon la revendicatlon 45, dans laquelle ladite composition est efficace pour 
abaisser le pH d'un tissu 6pith6lial d'au moins 0.5 unitd de pH pendant au nrK}ins 48 heures. 

47. Utilisation d'un polym^re bioadh6sif selon la revendicatlon 41 . dans laquelle ladite composition est efficace pour 
abaisser le pH d'un tissu ^pith^lial k environ pH 5 ou moins. 

48. Utilisation d'un polym^re bioadh^sif selon la revendicatlon 47. dans laquelle ladite composition est efficace pour 
abaisser le pH d'un tissu ^pith^lial k environ pH 5 ou moins pendant au moins 48 heures. 

49. Utilisation d'un polym^re bioadh^srf selon Tune quelconque des revendications 41 d 48. dans laquelle ledit poly- 
m^re bioadh^sif est tel que d^rit dans I'une quelconque des revendications 2^6. 

50. Composition de traitement vaginal thixotrope compreriant de I'eau. une quantity, r^duisant le pH. d'un polym^re 
bioadh^sif et une quantity 6paississante-lissante d'un agent am^iorant la consistance. ledit polym^re bioadh^sif 
comprenant un polym^re k fonction carboxy r^ticul^ particulaire gonflable dans I'eau mais insoluble dans I'eau. et 
ledit agent am^liorant la consistance 6tant un polymdre non ionique ou anionique dispersik^e dans I'eau. 

51. Composition selon la revendication 50. dans laquelle ledit pdym^re bioadh^sif est tel que dterrt dans I'une quel- 
conque des revendications 2^6. 
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FIG. I 

MODIFIED SURFACE TENSIOMETER 
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FIG. 2 
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